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BNL Intense Neutrino Beam— Homestake, WIPP, or Henderson

@ .~y - %  Zohreh Parsa

-100°

km
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0 400

AGS 28 GeV protons, 1 MW beam (power achievable) +
500 kT Water Cerenkov detector, 5e7 sec of running

Conventional Horn based beam =

i
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Zohreh Parsa . BNL Very Long Baseline Neutrino BROOKHEAEN
May 23, 2003 ~ Oscillations | NATIONAL LABORATORY
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The Accelerator
e Conceptually simple upgrade. No magic.

e Run 28 GeV AGS at 2.5 Hz to get 1 MW.
e Need faster proton source: Super Conducting LINAC at 1.2 GeV
e Current: 7 x 10'3ppp at 0.5 Hz => LINAC: 10"“ppp at 2.5 Hz.

High Intensity Source To Target Station

plus RFQ

200 MeV Drit Tube Linac

AGS
1.2 GeV - 28 GeV
0.4 5 cycle time (2.5 Hz)

200 MeV

400 MeV

Superconducting Linacs
800 MeV

qasdng & i ssujjoseq Suol Kiop
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Very long baselines with a superbeam

Beam 3d

PROTON BEAM

ﬁ’/‘/ﬂ:}-(

POWER SUPPLY

BUILDING
TARGET BUILDING
POWR SUPPLY DECAY TUNNEL -
BUILDING
<—— NORTH

NEAR DETECTOR
BEAM S¥0P

Milind Diwan



Some comments on detector

Need much more manpower for detector studies.

Water Cherenkov
— 50 kT SuperK is existence proof.

— Background rejection ? (Yanagisawa) |
need another x3 — 5

— Additional imaging capability (Viren)
Liquid Argon TPC

— scale up to 100 kT module 7

— Current size ,3OOT011.

— Needs detailed simulations.

Any other technology ?

Very Long Baselines, Milind Diwan



v, DISAPPEARANCE Anti-vu DISAPPEARANCE
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§ F 250 | BNL-HS 2540 km
= =
5 250 |- BNL-HS 2540 km 5 sin22923 =1.0
sin*20,, = 1.0 2 s
200 |- Am” ;, =2e-3 eV
B Am® j, = 2e-3 eV*
200 % 2 MW, 0.5 MT, 5¢7 sec
1 MW, 0.5 MT, Se7 sec
ﬂl:;h . 150 | —  No oscillations: 14868 evts
1s0 : ];{J; —— No oscillations: 13290 evts »
i ﬁg . . — . With oscillations: 6185 evty
[r_,sl [ '112 — Withoscillations: 5936 evty
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Reconstructed v Energy (GeV) ' Reconstructed anti-v Energy (GeV)

Node pattern pr(jvides high Am2, resolution. Energy calibration is
very important. |

Flux normalization not important for measurement of sin® 20,
| 3

Minimum systematics in v, and ¥, comparison

Very Long Baselines, Milind Diwan



Scenario No. 1 Wide band (No 0scc//az‘wzzs)

. 2ie>e
1 MW, Neutrinos, 500 kT, L=2540km, 5 X 107 sec
2 MW, Anti-Neutrinos, 500 kT, L=2540km, 5 x 107sec
Strong Background Rejection.

CC vu,N — u~X 51800 (30050) | NC v,N — 1, X 18323 (11540)
CC voN — e~ X 380 (106) | |

QE vyn — p~p 11767 (11868) | NC elastic - 4575 (3882)
QE ven — e p 84 (80) |

CC Single 7 22053 (11872) | NC Single 7741 (5074)
CC Two 7 10143 (3336) | NC Two 3557 (1630)
CC>2m 4882 (500) | NC>2m 1729 (560)
CCv,N—7"X ~ 110 (40) (depends on Am?)

Anti-neutrino rate (brackets) for 2 MW. -
(Add Nu cont. to antinu rate: 7696 CC and 2600 NC. )

Very Long Baselines, Milind Diwan
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Very long baselines with a superbeam

Measurement of sin? 26,5

v, APPEARANCE
L= i BNL-HS 2540 km
% 0 sin®29,, (12,23,13) = 0.86/1.0/0.04
b ed R
§ : Am2 (21,32) = 7.3e-5/2.0e-3 eV?
W g0 |- 1 MW, 0.5 MT, 5e7 sec
so [ |Ti —_ CP135°: 632 evts
- o ... CP45°: 489 evis
0 [ i FE 1 1 - . CP-45°: 318 evts
- ... Tot Backg.: 146 evts
.30 _ + { .... vV, Backg.: 70 evis
20
10

e 2‘..’ T .
' ‘Reconstructed v Energy (GeV)

Am2, = 0.002eV2, sin” 2613 = 0.04.
Assume normal mass hierarchy. ms > mq > my

Matter effects inchided..

Milind Diwan
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Normal Hlerarchy

BNLHS 3640k
sinf20, (12,23,13) =
Am, /51,.12) 7.3

0.86/1.0/0,04, Sc,,=45°
5/2e-3 eV :

0. 5 , bes sec for
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Reversed: Hierarchy

'BNL-HS 2540 km
'sin29, (12,23,13) =

Am 2 (21,52) = 7.9e-5/26-3 V-

0.86/1.0/0,04, §,,=45°

0.5 M1, 57 S6c for pach polarity
L 1MW forvuLz MWforAntiv: i
0.02 0.04 0.06 0.08 0.1 0.12
Sin®20,,
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CP measurement after nu and anti-nu

Regular hierarchy vv and Antivv runmng Reversed hierarchy vv and Antivv running

555 ] R85 o
°°%1oo | m = ' w&mo | \"2 |
Voo )OO O
50 [\ e 50 s e .
BN ND AN S A _ (/ VAN @Y v,
0 (\ G — 0 /) e VO o T
| AND RN — | % o/ S [
o N OO Y - O Y
| H N A | N AN A AN
-100 /,‘) Cj O -100 C\ C) G
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- L) O D O AR a T -
vV, N .
0 002 004 006 008 01 0.12 0 002 004 006 008 01 0.12
Sin’20,, Sin®20.,

Left: Regular mass hierarchy Right: reversed mass hierarchy.

Only the 653 ambiguity is left.
more about this later...
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